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A B S T R A C T
The study investigated the eﬀects of individual and combined preharvest applications of gibberellic acid (GA3,
180mg L−1) and aminoethoxyvinylglycine (AVG, 180mg L−1) at 34, 40 and 45 days after anthesis (DAA) on
preharvest fruit drop, postharvest quality and antioxidant metabolism of ‘BRS 189’ cashew. AVG treatment at 45
DAA reduced signiﬁcantly preharvest cashew drop to 26% while control presented 90% of fruit drop, moreover,
without detrimental eﬀects on peduncle and nut physical and physicochemical quality, except for 60% reduction
in total antioxidant activity due to 50% reduction in total vitamin C content. GA3 treatments did not reduce
cashew drop signiﬁcantly when compared to control, although they incremented signiﬁcantly total cashew
weight (27%) due to increases in peduncle weight (29%) and length (14%), especially GA3 treatment at 40 DAA
that also promoted signiﬁcant increases in peduncle SS/TA ratio (23%) and ﬁrmness (33%) due to inhibition of
PME cell wall hydrolytic activity. Peduncles treated with GA3 at 40 DAA also presented statically higher total
carotenoid (16%) and polyphenol (59%) contents, despite the reduction in total vitamin C (25%) and total
antioxidant activity (70%). Thus, AVG at 45 DAA was eﬀective in reducing fruit drop, while GA3 treatment at 40
DAA promoted cashew quality with increases in peduncle weight and size, in SS/TA ratio, in ﬁrmness and in
total carotenoid and polyphenol contents.
1. Introduction
Cashew (Anacardium occidentale L.) is produced mostly for the nut
(true dry fruit), while the apple (peduncle) is a byproduct of the high-
value cashew nut industry (Akinwale, 2000). In Brazil, cashew planted
area totals 585,085 ha, which produces 220,505 tons of nuts and
1,592,530 tons of peduncle (FAO, 2013; IBGE, 2015).
Cashew peduncle holds important nutritional characteristics as
signiﬁcant ascorbic acid and carotenoid contents leading to a high
antioxidant capacity (Mercadante, 2007; Zepka et al., 2009; Silva et al.,
2013). Phenolic compounds as phenolic acids, ﬂavonoids and tannins,
have also been identiﬁed in cashew apple (Michodjehoun-Mestres et al.,
2009; Bataglion et al., 2015), besides being an interesting natural
source of dietary ﬁbers (Ruﬁno et al., 2010). As a typical non-climac-
teric fruit, the cashew peduncle should be harvested ripe and thereafter,
its postharvest quality is limited by fast softening leading to a short
storage life of maximum 48 h at 24 °C (Moura et al., 2010). Thus, sev-
eral postharvest technologies as refrigeration, gamma radiation and
calcium impregnation have been used to prolong the storage life of
cashew peduncles (Figueiredo et al., 2007; Mexis and Kontominas,
2009; Moura et al., 2010).
Besides its fast postharvest metabolism, cashew growers have to
deal with another problem, the fast on-tree maturation and short har-
vest season that result in high fruit drop. Although this is not a great
problem for the cashew nut industry, it represents a serious obstacle for
peduncle marketing. Once, a high peduncle drop level evidences the
serious problem faced by producers leading to relevant production loss
and in additional costs to assure earlier and faster fruit harvest, thus
reducing drop increases proﬁtability and allows the producer to plan
harvest, previously. Thereby, preharvest technologies that would ex-
tend the harvesting period by delaying abscission could prevent pre-
harvest peduncle loss. Plant growth regulators inﬂuence both pre- and
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postharvest physiological events of fruits and vegetables (Brackmann
et al., 2015) as ripening, senescence and abscission. Ethylene is a gas-
eous hormone responsible for ripening of climacteric fruit and al-
though, it does not exert the same inﬂuence on ripening of non-cli-
macteric fruit as cashew, it is responsible for events that trigger plant
organ abscission. Ethylene synthesis and therefore, the physiological
events regulated by it, may be prevented by aminoethoxyvinylglycine
(AVG) binding to the active site of enzyme 1-aminocyclopropane-1-
carboxylate synthase (ACS) and inhibiting the synthesis of ethylene
immediate precursor aminocyclopropane-1-carboxylate (ACC), which is
thereafter converted into ethylene by ACC oxidase (ACO) (Huai et al.,
2001). Thus, AVG has been used to delay apple maturation and har-
vesting period as means to reduce preharvest fruit drop, however, re-
sults varied depending on the cultivar and AVG concentration
(McFadyen et al., 2012; Ozkan et al., 2016). AVG preharvest treatment
reduced ‘Laetitia’ plums abscission and increased fruit ﬁrmness at
postharvest; however, it also negatively aﬀected the development of red
skin color (Ozturk et al., 2012).
Gibberellins as gibberellic acid (GA3) regulate several physiological
processes as ﬂower bud development, fruit setting and development of
grape clusters (Zoﬀoli et al., 2009; Mesejo et al., 2010; Dayan et al.,
2012). Moreover, it has been used to reduce ﬂower density in peaches
and nectarine, which consequently led to a reduction in crop load and
increases in fruit size (Stern and Ben-Arie, 2009). GA3 delayed ripening
of peaches with fruit that were ﬁrmer and more tolerant to cold storage
(Dagar et al., 2012), while contributing to maintenance of postharvest
quality of grapes (Marzouk and Kassem, 2011). The only published
work approaching the eﬀects of growth regulators at preharvest of
cashew was that of Souza et al.(2016). The authors evaluated how GA3
treatment inﬂuenced the postharvest quality of ‘CCP 76’ and ‘BRS 189’
cashew peduncles during cold storage and observed an improvement
through reduction of mass loss and ﬁrmness loss, without any negative
impact on physicochemical variables. Based on the above, this work
investigated the eﬀects of preharvest treatments with regulators AVG
and GA3 on preharvest fruit drop and quality of ripe ‘BRS 189’ cashew
peduncles.
2. Material and methods
2.1. Plant material and treatments
This study was conducted at the Experimental Station of Embrapa
Agroindustria Tropical in Pacajus-CE, Brazil (lat. 4°11′26,62′'S; long.
38°29′50,78′'W and annual precipitation of 652mm). Soil was classiﬁed
as Typic Quartzipsamment according to the Brazilian System of Soil
Classiﬁcation. Early cashew trees (Anacardium occidentale L.) cultivar
BRS 189 were 9 years old and spaced at 8× 6m, under non-irrigated
conditions.
Growth regulators treatments used commercial products ReTain®
(150mg AVG.g−1; Valent BioScience Corporation) and ProGibb®
(100mg GA3. g−1; Sumitomo Corporation) and both were prepared at
180mg.L−1 in water plus surfactant Tween 20 (0.5% v/v), as described
by Souza et al. (2016). Regulators were manually applied with a
backpack sprayer onto the canopy of the trees, enough to ﬂow thor-
oughly over the entire plant. Two hundred trees were divided into 6
treatments plots, and those plots on the same row were separated by at
least one tree, while rows of treated trees were separated from other
rows by an untreated row to avoid drift eﬀects. The experiment was
carried out in a completely randomized design consisted of six treat-
ments with three replications of ﬁfteen fruit, each. The AVG and GA3
were applied on cashew trees at diﬀerent developmental stages re-
presented as days after anthesis (DAA), as follows: T1, GA3 at 34 DAA;
T2, GA3 at 34 DAA+AVG at 44 DAA; T3, GA3 at 40 DAA; T4, GA3 at 40
DAA+AVG at 45 DAA; T5, AVG at 45 DAA; and control without GA3
and AVG.
Two days after the last treatment, at 46 DAA, fully red colored ripe
cashew peduncles at stage 7, according Lopes et al. (2012) were
manually harvested and transported to Laboratory of Fruits Postharvest
Physiology at Embrapa Agroindustria Tropical, located in Fortaleza-CE,
Brazil, where they were selected based on homogeneity in color, size
and absence of defects. Cashew peduncles were immediately evaluated
for physical attributes and thereafter, processed with a domestic cen-
trifuge Walita® and the pulp stored at −18 °C, until analyzes for vari-
ables associated with ﬁrmness and with antioxidant metabolism.
2.2. Fruit drop or abscission
Fruit abscission or drop was monitored using three trees per treat-
ment and fallen fruit was recorded daily for six days until harvest. Then,
fruit remaining on the trees were harvested and fruit drop percentage
was calculated.
2.3. Physical variables
Total mass (nut with peduncle) was determined with analytical
balance (Mark® Model 3100) and expressed in grams (g). Peduncle and
nut sizes were determined with a digital caliper (Sylvac Fowler®,
UltraCal Mark III) and results expressed in millimeters (mm).
2.4. Quality attributes
Soluble solids content was determined by refractometry, as de-
scribed by AOAC (2005) using a digital refractometer (Atago® model
N1, Kirkland, USA) with automatic temperature compensation and re-
sults were expressed in °Brix (concentration of sucrose w/w). Titratable
acidity (TA) was evaluated as determined by AOAC (2005) and results
were expressed as % of malic acid. The pH was measured using an
automatic pHmeter (Labmeter® PHS-3B, São Paulo-Brazil) as re-
commended by AOAC (2005).
2.5. Firmness and associated variables
Firmness was evaluated ﬁve times on opposite sides of each ped-
uncle with a manual penetrometer (Model FT-011; Magness-Taylor®)
using an 8-mm diameter cylindrical ﬂat-tipped steel plunger, and re-
sults were expressed in Newton (N).
Biological membrane integrity may be estimated by the lipid per-
oxidation (LP) degree, which was determined by the formation of
malondialdehyde (MDA) based on the method described by Zhu et al.
(2008). Pulp (2 g) was homogenized in 10mL of 0.1% trichloroacetic
acid (TCA) and centrifuged at 3300 x g for 20min, at 4 °C. The super-
natant (750 μL) was collected and added to 3mL 0.5% thiobarbituric
acid (TBA) in 20% TCA and incubated at 95 °C for 30min. Following
the incubation, tubes were immediately cooled in an ice bath and
centrifuged at 3000 x g for 10min. Absorbance at 532 nm was mea-
sured, corrected for unspeciﬁc turbidity by subtracting from absorbance
at 600 nm and MDA content was calculated using an extinction coef-
ﬁcient of 155 nmol cm−1 and expressed as nmol MDA g−1 fresh weight
(FW).
Cell wall integrity was evaluated through the speciﬁc activities of
cell wall hydrolases. Polygalacturonase (PG, E.C. 3.2.1.15) activity was
evaluated samples (12 g) homogenized with 25mL of ice-cold water,
ﬁltered, centrifuged at 3248 x g for 10min at 4 °C and then, the pre-
cipitate was suspended in 10mL of distilled water and centrifuged as
before. The precipitate was suspended in 20mL of 1.0 N NaCl, stirred
for 1min and then, adjusted to pH 6.0 and let to rest for 1 h. The vo-
lume was completed to 30mL with 1.0 N NaCl, centrifuged at 3248 x g
for 10min at 4 °C and the residue collected as the enzyme crude extract.
For PG activity assay, the reaction mixture consisted of 200mL of en-
zyme crude extract plus 50mL 0.25% polygalacturonic acid in 37.5 mM
sodium acetate buﬀer, pH 5.0. The reaction mixture was incubated for
3 h at 30 °C followed by a boiling water bath to stop the reaction. The
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reducing groups liberated were determined (Pressey, 1986) and results
were expressed as unit of enzyme activity (UA) mg−1 protein (P).
For pectinmethylesterase (PME, EC 3.1.1.11) assay, pulp (5 g) was
homogenized with 20mL of cold NaCl (0.2M), then ﬁltered through
Whatman N.1 ﬁlter paper and the ﬁltrate was used as enzyme extract
(Jen and Robinson, 1984). The enzyme activity was measured as 5mL
of the extract plus 30mL of citrus pectin substrate (1%) in NaCl (0.2M,
pH 7.0) were titrated with NaOH (0.01 N). One unit activity was de-
ﬁned as the amount enzyme able to remove a methyl group from pectin
and expressed as UA mg−1 P.
Total protein content was determined according to Bradford (1976)
using bovine serum albumin as standard and expressed as mg g−1 FW.
Protein content was used to calculate the speciﬁc enzyme activity.
2.6. Variables of antioxidant metabolism
The speciﬁc activity of antioxidant enzymes was also evaluated. The
extracts for antioxidant enzymes activity were prepared as described by
Yang et al. (2008). Pulp (1 g) was homogenized during 5min with
10mL phosphate buﬀer (0.1M, pH 7) containing EDTA (0.1mM), ﬁl-
tered through Whatman N. 1 paper and let to rest for 1 h, prior cen-
trifugation at 12,000 × g for 15min, at 4 °C. The supernatant was
collected and used as enzyme extract.
Superoxide dismutase (SOD, EC 1.15.1.1) activity was determined
according to Giannopolitis and Ries (1977) based on inhibition of
photochemical reduction of nitroblue tetrazolium chloride (NBT). Ab-
sorbance was measured at 560 nm and one unit of SOD activity was
deﬁned as the amount of enzyme required to cause a 50% reduction in
the NBT photo-reduction rate, thus, results were expressed as UA mg−1
P.
Catalase (CAT, EC 1.11.1.6) activity was measured according to
method described by Beers and Sizer (1952). The reaction started by
adding the enzyme extract and the decrease in H2O2 was monitored
through absorbance at 240 nm and quantiﬁed by its molar extinction
coeﬃcient (36M cm−1). Results were expressed as μmol
H2O2min−1mg
−1 P.
Antioxidant non-enzymatic compounds and total antioxidant ac-
tivity were determined. The total antioxidant activity (TAA) was de-
termined using the 2,2-azinobis (3-ethylbenzthiazoline-6-sulfonic acid)
radical cation (ABTS•+) method as described by Ruﬁno et al. (2010)
Before the colorimetric assay, the samples were subjected to extraction
in 50% methanol and 70% acetone as described by Larrauri et al.
(1997). Once the radical was formed, the reaction was started by
adding 30 μL of extract in 3mL of radical solution, absorbance was
measured (734 nm) after 6min, and the decrease in absorption was
used to calculate the TAA. A calibration curve was prepared, and dif-
ferent Trolox concentrations (standard Trolox solutions ranging from
100 to 2000 μM) were also evaluated against the radical. Antioxidant
activity was expressed as Trolox equivalent antioxidant capacity
(TEAC), μmol TEAC g−1 FW.
Total phenolics were determined with a colorimetric assay using
Folin-Ciocalteau reagent as described by Obanda et al. (1997) while
extracts were prepared as described by Larrauri et al. (1997). Samples
(3 g) were homogenized in 4mL methanol (50%) and allowed to stand
in the dark at room conditions for 1 h, before centrifugation at 4000 ×
g for 30min, at 4 °C. The supernatant was collected and the precipitate
was extracted with 4mL acetone (70%) under the similar conditions as
previously described. After centrifugation, supernatants were joined
and total volume was completed to 10mL with distilled water. Extracts
(100 μL) were added to 100 μL Folin-Ciocalteau reagent, 1 mL Na2CO3
(20%) and 1 μL of distilled water and allowed to stand for 30min, in the
dark. Absorbance was measured at 700 nm and results were expressed
as gallic acid equivalents (GAE) mg 100 g−1 FW.
Yellow ﬂavonoids and anthocyanins were extracted and determined
as described by Francis (1975). One gram of pulp was extracted with a
95% ethanol:1.5 N HCl (85:15) solution, vortexed for 2min, and, then,
brought to 50mL with the extracting solution. Protected from light, the
mixture was refrigerated at 4 °C for 12 h and then, ﬁltered through
Whatman No. 1 paper; the ﬁltrate separated. The absorbance of the
ﬁltrate was measured at 535 nm for the total anthocyanin content using
an absorption coeﬃcient of 98.2mol cm−1 and at 374 nm for the total
yellow ﬂavonoid content using an absorption coeﬃcient of 76.6 mol
cm−1, both were expressed as mg 100 g−1 FW.
The total vitamin C was determined by titration with a 0.02% 2,6-
dichloro-indophenol (DFI) solution (Strohecker et al., 1967). One gram
of pulp was diluted to 50mL of 0.5% oxalic acid, homogenized and
then, 2mL of this solution was diluted to 50mL with distilled water and
titrated. Results were expressed as mg 100 g−1 FW.
Total carotenoids were extracted and determined as described by
Higby (1962). Five grams of pulp were homogenized in 30mL of iso-
propyl alcohol and 10mL of hexane. The content was transferred to a
separation funnel of 125mL completed with distilled water and allowed
to rest for three 30min-periods followed by three subsequent ﬁltra-
tions. Filtration was performed in cotton previously sprayed with an-
hydrous sodium sulphate; 5 mL of acetone was added and then, the
volume of 50mL was completed with hexane. Absorbance was mea-
sured at 450 nm, and results were expressed as mg 100 g−1 FW.
2.7. Statistical analysis
The experiment was evaluated with three repetitions in a com-
pletely randomized design. Data was subjected to analysis of variance
(ANOVA) using a computer program (SISVAR version 5.3, DEX/UFLA,
Brazil) and the averages were compared by the Tukey´s test at a sig-
niﬁcance level of 0.05.
3. Results and discussion
3.1. Preharvest fruit drop
Control trees had 90% of preharvest fruit-drop which was statisti-
cally similar to all regulator treatments, except for T5 (AVG at 45 DAA)
Table 1
Eﬀect of AVG and GA3 preharvest treatments on fruit drop and physical characteristics of ‘BRS 189’ cashew.*
Treatment Fruit
drop (%)
Total weight
(g)
Nut weight
(g)
Peduncle
weight (g)
Basal diam.
(mm)
Apical diam.
(mm)
Peduncle
length (mm)
Nut length
(mm)
Nut width
(mm)
Nut thickness
(mm)
Control 90a 132.57b 9.13a 123.44b 60.22b 45.18b 69.69b 35.10b 28.00a 20.11a
T1 (GA3 34 DAA) 80a 176.46a 9.74a 166.72a 64.16ab 50.28ab 76.06ab 36.11a 28.13a 20.89a
T2 (GA3 34 DAA+AVG
45 DAA)
84a 173.06a 9.62a 163.44a 67.50a 53.36a 75.46ab 36.05a 27.59a 19.53a
T3 (GA3 40 DAA) 77a 168.49a 9.26a 159.23a 67.09a 50.85ab 79.06a 35.95a 27.65a 19.87a
T4 (GA3 40 DAA+AVG
45 DAA)
72a 171.20a 9.16a 162.04a 67.05a 49.58ab 81.63a 36.16a 27.68a 19.68a
T5 (AVG 45 DAA) 26b 148.54ab 9.78a 138.76ab 63.36ab 49.21ab 74.90ab 36.74a 28.21a 20.43a
* Diﬀerent letters indicate signiﬁcant diﬀerences among treatments (p < 0.05).
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which reduced fruit drop to 26% (Table 1). The overall process of ab-
scission is regulated by many developmental and environmental cues
and among them; the regulatory eﬀects of plant hormones are of greater
relevance.
The prevailing theory postulates the abscission process as having
four stages: (1) diﬀerentiation of undiﬀerentiated cells to an anatomi-
cally discrete abscission zone (AZ); (2) acquisition of competence of the
AZ cells due to decline in auxin polar transport and gradient; (3) acti-
vation of AZ cells by abscission signals leading to organ separation and
(4) trans-diﬀerentiation of the retained portion of the AZ to produce a
protective layer (Meir et al., 2019). At stage 3, ethylene is the initial
abscission signal that act upon sensitized AZ cells activating hydrolases
that loosens the cell wall (Arseneault and Cline, 2016), then In-
ﬂorescence Deﬁcient in Abscission (IDA) peptide ligand controls ab-
scission downstream from ethylene, controlling the ﬁnal separation
stages in the abscission process (Meir et al., 2019). These authors
proposed that IDA could inhibit the repair process induced by the initial
cell wall dissolution.
In season-promoted (e.g. fall in temperate regions) as well as for
ripening-promoted abscission, it has been reported that levels of ethy-
lene and/or precursor ACC are high (Khandaker et al., 2016). Once the
increase in endogenous ethylene is the main factor controlling fruit
drop, inhibitors of ethylene signaling pathway or synthesis, e.g. AVG
that inhibit ACC synthase activity, have eﬃciently reduced preharvest
drop and delayed ripening, when applied at the end of fruit develop-
ment (Arseneault and Cline, 2016). Munoz-Robredo et al (2012) used
AVG to study the eﬀects of ethylene on apricot (Prunus armeniaca)
ripening. These authors observed three isoforms of ACC synthase,
among which, PaACS2 activity was concomitant with AVG inhibition,
thereby was primarily involved with autocatalytic ethylene production
and ripening (system 2), while isoforms PaACS1 and PaACS3 were re-
sponsible for producing the basal levels of ethylene (system 1). Mean-
while, ACO transcript levels did not change with ethylene inhibition
treatment and were not concomitant with ethylene production. More-
over, components of ethylene-regulated perception and transduction
pathway were not inﬂuenced by AVG, as ethylene receptor 1 (PaETR1),
ethylene-responsive sensor 1 (PaERS1), ethylene transcriptional factor
1 (PaEIL1), and putative ethylene-responsive element binding factor 1
(PaERF1), with no clear diﬀerences observed in response to ethylene
inhibition. Ozkan et al. (2016) found that the application of AVG four
weeks before the early harvest reduced the preharvest fall of “Red
Chief” apples by 50%, as well as increasing the strength of fruit removal
and delaying ripening.
In accordance to above data, results here presented may be ex-
plained by ethylene-inhibitor eﬀect of AVG, once ethylene is the pri-
mary regulator involved in abscission process. However, this eﬀect was
subdued when applied in combination with GA3 possibly due to sti-
mulus of auxin production at stage 2 of abscission process. Once,
Mignolli et al. (2019) reported that GA3 induced the expression of auxin
signaling genes and moreover, that genes shared by auxin and GA
signaling allow one hormone to induce growth and development when
the other one is absent.
3.2. Quality variables
Total weight (peduncle+ nut) of GA3-treated samples increased
signiﬁcantly when compared to control, which averaged 132.57 g
(Table 1). GA3 treatment increments in total cashew weight, 176.46 g in
T1 (GA3 at 34 DAA), was due to increases in peduncle weight, and not
in nut weight (Table 1). Thus, basal and apical diameter and length of
peduncles were signiﬁcantly greater after GA3 treatments (Table 1).
These results may be explained by the fact that fruit set and develop-
ment are regulated by growth-promoting hormones as GA and auxins
(Canli and Orhan, 2009; Jong et al., 2009; Dagar et al., 2012). GA
biosynthesis and GA accumulation depend on destabilization of DELLA
proteins, which are GA signaling repressors, and therefore control GA-
associated responses as fruit formation. Mignolli et al. (2019) reported
that GA3 treatment stimulated tomato development by enhancing the
expression level of auxin signaling genes that in turn would induce the
expression of GA biosynthesis genes. According Jong et al. (2009), the
growth plant organs promoted by gibberellin is mainly due to an in-
crease in volume of existing or newly divided cells. Preharvest gib-
berellin applications promoted 10–15% increases in cherry sizes due to
increases in pedicel (Canli and Orhan, 2009). While, Dagar et al. (2012)
observed the application of gibberellic acid at 60mg L−1 increased size
of peaches.
Meanwhile, nut physical variables were not signiﬁcantly aﬀected by
regulator preharvest treatments, except for length that was increased by
both GA3 and AVG (Table 1). T5 (AVG at 45 DAA), besides reducing
fruit drop, also maintained the physical quality of cashew peduncle and
nut with results statistically similar to control. These results show that
preharvest GA3 application resulted in heavier and bigger peduncles,
without any declines in nut quality.
Regarding the physicochemical variables evaluated (Table 2), no
signiﬁcant diﬀerences were observed for soluble solids (SS) contents of
ripe cashew peduncles among treatments and control with 10.98°Brix.
Meanwhile, titratable acidity (TA) of both control and T5 (AVG at 45
DAA) treated peduncles was 0.24%, which was signiﬁcantly higher
than those treatments with GA3 (T1, T2, T3 and T4), independent of
developmental stage. The higher acidity of T5 corroborated to lower pH
value of 4.4, in these samples. The lower TA of gibberellin-treated
peduncles may be due to conversion of organic acid into sugars during
Table 2
Eﬀect of AVG and GA3 preharvest treatments on physicochemical quality of
‘BRS 189’ cashew peduncles.*
Treatments Soluble solids
(SS, °Brix)
Titratable
acidity (TA, %)
pH SS/TA
Control 10.98 a 0.24 ab 4.51 c 46.77 bc
T1 (GA3 34 DAA) 10.29 a 0.20 bc 4.59 a 50.99 ab
T2 (GA3 34 DAA+AVG
45 DAA)
11.28 a 0.20 bc 4.52 c 56.26 ab
T3 (GA3 40 DAA) 10.00 a 0.17 c 4.58 ab 57.78 a
T4 (GA3 40 DAA+AVG
45 DAA)
10.77 a 0.20 c 4.55 bc 55.11 ab
T5 (AVG 45 DAA) 10.98 a 0.24 a 4.40 d 45.09 c
* Diﬀerent letters indicate signiﬁcant diﬀerences among treatments
(p < 0.05).
Table 3
Eﬀect of AVG and GA3 preharvest treatments on ﬁrmness and associated variables of cashew ‘BRS 189’ peduncle.*
Treatment Firmness(N) PG activity(UA mg−1) PME activity(UA mg−1) Membrane lipid peroxidation degree (nmol MDA g−1)
Control 15.09 b 11.23 a 2936.54 a 38.61 a
T1 (GA3 34 DAA) 19.12 ab 13.15 a 1877.52 c 43.04 a
T2 (GA3 34 DAA+AVG 45 DAA) 17.40 ab 14.10 a 1794.79 c 41.84 a
T3 (GA3 40 DAA) 20.26 a 9.94 a 2370.76 b 39.22 a
T4 (GA3 40 DAA+AVG 45 DAA) 18.33 ab 14.42 a 1769.69 c 42.58 a
T5 (AVG 45 DAA) 16.26 ab 10.68 a 2290.85 b 29.20 b
* Diﬀerent letters indicate signiﬁcant diﬀerences among treatments (p < 0.05).
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maturation as indicated by results found for SS/TA, which were sig-
niﬁcantly higher in T1, T2, T3 and T4. Ripe T3 (GA3 at 40 DAA) ped-
uncles showed the highest (p < 0.05) SS/TA value with 56.26, thus, it
could be inferred these pseudofruit had the sweetest ﬂavor when
compared to control.
Similar results with AVG preharvest treatment were previously re-
ported as increase in titratable acidity of persimmon and peach
(Fagundes et al., 2006; Butar and Çetinbas, 2017). Moreover, Huber
(2008) proposed that AVG aﬀects certain aspects of fruit quality in-
dicating that low constant basal levels of endogenous ethylene naturally
produced by non-climacteric fruits indeed play a physiological role in
regulating some aspects of ripening and/or activation of stress-toler-
ance mechanisms in non-climacteric fruits. Arseneault and Cline (2018)
reported AVG in association with other plant regulators also decreased
“Honeycrisp” apples drop in 35% compared to control trees in addition
to delaying ethylene evolution, starch degradation and development of
fruit color.
3.3. Firmness and associated variables
Firmness is an important and determinant quality variable for thin-
skinned cashew peduncles, thus growth regulators eﬀects on ﬁrmness
and associated variables were evaluated (Table 3). Ripe control ped-
uncle presented a ﬁrmness value of 15.09 that was lower, although
statistically similar to regulator treatments except for T3 (GA3 at 40
DAA), which resulted in ﬁrmer (p < 0.05) peduncles with 20.26 N.
Fruit tissue ﬁrmness is inﬂuenced by several factors as cell wall
cohesion, cell membrane integrity and turgor, which are under hor-
monal control. Therefore, the activity of cell wall hydrolases was
evaluated in response to regulator treatment and results show that
polygalacturonase (PG) activity was not signiﬁcantly inﬂuenced by
AVG nor GA3 preharvest treatment, reaching 11.23 UA mg−1 P in
control peduncle. On the other hand, pectinmethylesterase (PME) ac-
tivity was signiﬁcantly reduced by the regulator treatments in com-
parison to control fruit, with 2936 UA mg−1 P, which may explain the
greater ﬁrmness observed in ripe T3 (GA3 at 40 DAA) peduncles.
The decrease of integrity of cell membranes may contribute to fruit
softening during ripening. Moreover, cell membrane lipids are highly
susceptible to oxidation by reactive oxygen species (ROS), thus, the
lipid peroxidation (LP) degree is often used as an oxidative stress in-
dicator and would be expected to rise as fruit ripens, for this develop-
mental process is considered an oxidative phenomenon that results in
softening of tissues (Hodges et al., 1999; Khin et al., 2007). The LP
degree of membranes from control and T1, T2, T3 and T4 peduncles
were statistically similar, with 38.61 nmol MDA g−1, meanwhile T5
(AVG at 45 DAA) reduced (p < 0.05) LP degree to 29.20 nmol MDA
g−1.
These results suggest that, during ripening of cashew peduncle,
ﬁrmness loss is strongly associated to cell wall hydrolase PME activity
and its activity is under hormonal control, especially exogenous gib-
berellin, which acts as inhibitor of some processes related to fruit ri-
pening and senescence. Preharvest application of GA3 in plum and
peach also resulted in ﬁrmer fruit (Dagar et al., 2012). Previously,
Souza et al. (2016) reported that preharvest GA3 treatment reduced
mass and ﬁrmness loss during cold storage of cashew apples, improving
its marketability.
3.4. Antioxidant metabolism
Antioxidant metabolism includes enzymatic and non-enzymatic
antioxidants that are capable of neutralizing ROS cytotoxic potential by
preventing their formation, sequestering them or promoting their de-
gradation (Serkedjieva, 2011). Once fruit ripening has been described
as an oxidative phenomenon, it has been questioned whether the es-
tablishment of such oxidative imbalance is associated with increase in
ROS production and/or a reduced ability to catabolize ROS byTa
bl
e
4
Eﬀ
ec
t
A
V
G
an
d
G
A
3
on
va
ri
ab
le
s
of
an
ti
ox
id
an
t
m
et
ab
ol
is
m
of
ca
sh
ew
‘B
R
S
18
9’
pe
du
nc
le
s.
*
Tr
ea
tm
en
t
To
ta
l
an
ti
ox
id
an
t
ac
ti
vi
ty
(μ
M
TE
g−
1
)
To
ta
l
vi
ta
m
in
C
(m
g
10
0
g−
1
)
Y
el
lo
w
ﬂ
av
on
oi
ds
(m
g
10
0
g−
1
)
To
ta
l
an
th
oc
ya
ni
n
(m
g
10
0
g−
1
)
To
ta
l
ca
ro
te
no
id
s
(m
g
10
0
g−
1
)
To
ta
l
po
ly
ph
en
ol
s
(m
g
10
0
g−
1
)
SO
D
ac
ti
vi
ty
(U
A
m
g−
1
P
)
C
A
T
ac
ti
vi
ty
(μ
m
ol
H
2
O
2
m
in
−
1
m
g−
1
P)
C
on
tr
ol
27
.5
5
a
29
6.
54
a
0.
38
a
0.
07
2
a
0.
18
bc
13
2.
12
b
42
1.
39
d
19
.8
3
c
T1
(G
A
3
34
D
A
A
)
8.
82
b
24
7.
75
b
0.
37
a
0.
06
9
a
0.
18
bc
15
1.
43
b
16
19
.6
0
a
57
.8
5
a
T2
(G
A
3
34
D
A
A
+
A
V
G
45
D
A
A
)
8.
58
b
23
2.
39
b
0.
33
a
0.
03
9
a
0.
19
b
15
7.
24
b
10
89
.4
7
b
43
.4
0
b
T3
(G
A
3
40
D
A
A
)
8.
27
b
22
0.
82
b
0.
33
a
0.
05
5
a
0.
21
a
21
1.
50
a
78
5.
53
c
36
.9
4
bc
T4
(G
A
3
40
D
A
A
+
A
V
G
45
D
A
A
)
8.
67
b
24
1.
57
b
0.
28
a
0.
06
1
a
0.
13
c
14
9.
78
b
58
8.
61
c
31
.5
3
bc
T5
(A
V
G
45
D
A
A
)
12
.3
4
b
24
7.
94
b
0.
32
a
0.
06
5
a
0.
14
bc
17
6.
45
b
37
1.
34
c
15
.6
3
c
*
D
iﬀ
er
en
t
le
tt
er
s
in
di
ca
te
si
gn
iﬁ
ca
nt
di
ﬀ
er
en
ce
s
am
on
g
tr
ea
tm
en
ts
(p
<
0.
05
).
K.O. Souza, et al. Scientia Horticulturae 257 (2019) 108771
5
antioxidants.
Thereby, antioxidant enzymes superoxide dismutase (SOD) and
catalase (CAT) activities were evaluated (Table 4). SOD activity was
stimulated (p < 0.05) by regulator treatments in cashew peduncles,
especially those submitted to GA3 at 34 DAA (T1 and T2) reaching
1619.6 UA mg−1 P in T1, while it was lowest in control, 421.39 UA
mg−1 P. Gibberellin treatment at earlier developmental stages (T1 and
T2) also stimulated CAT activity, which was also higher (p < 0.05) in
T1 with 57.85 UA mg−1 P, and lower in control and remaining reg-
ulator treatments (T3, T4 and T5).
These results indicate that gibberellin treatment of cashew ped-
uncles at immature stages promote antioxidant defenses through acti-
vation of antioxidant enzymes corroborating to the idea that gibberellin
inhibits ripening of cashew peduncle. The maintenance the antioxidant
systems contributes to protection of cell components against oxidative
damage, thus delaying fruit senescence by suppression of ROS levels
(Xia et al., 2016). Similar results were reported by Ding et al. (2015) as
exogenous application of GA3 (0.2mmol L−1) increased the activity of
CAT and SOD in cherry tomatoes. Mohamed et al. (2014) found that
treatment with GA3 (50mg L−1) increased CAT activity in dates.
The non-enzymatic bioactive compounds and total antioxidant ac-
tivity of cashew peduncles were evaluated and presented in Table 4.
Among phenolic compounds evaluated, total yellow ﬂavonoid and total
anthocyanin content did not diﬀer statistically between treatments and
control, although, the total phenolic content was signiﬁcantly higher in
T3 (GA3 at 40 DAA) ripe peduncles, with 211.5 mg 100g−1. Peduncles
submitted to T3 (GA3 at 40 DAA) also presented signiﬁcantly higher
carotenoid content, with 0.21mg 100g−1 when compared to other
treatments and control. Meanwhile, control showed signiﬁcantly higher
levels of vitamin C, with 296.54mg 100−1 and total antioxidant ac-
tivity (TAA) with 27.55 μM trolox g−1 FW.
Gao et al. (2013) used a gene co-expression analysis to understand
the regulation of vitamin C or L‐ascorbic acid (AsA) pool during ri-
pening of tomato through association with key functional genes, and
reported an intricate interaction with diverse hormone and signals.
These authors reported that fruit pectin metabolism was associated as
source of carbon skeleton for AsA pool, thereby, as GA3 treatment re-
duced cashew PME cell wall hydrolytic activity and softening, it
probably contributed to the lower vitamin C content observed.
Moreover, ethylene is also implicated in regulation of AsA content
during ripening as it participates in modulation of overall carbon status
during plant growth and development, thus inﬂuencing the reduction
on vitamin C content in cashew treated with ethylene-inhibitor AVG.
Results suggest that GA3 eﬀects on secondary metabolism (phenolics
and carotenoids) of cashew peduncle, during fruit development, de-
pends on its developmental stage. Moreover, gibberellin treatment of
cashew peduncles promotes antioxidant defenses through activation of
antioxidant enzymes and total carotenoid and phenolic contents, al-
though it decreased total vitamin C and TAA. Therefore, vitamin C
seems to be the main contributor to cashew peduncle TAA. On the other
hand, Ozkan et al. (2012) reported that application of AVG
(500mg L−1) increased both TAA and phenolic compounds in apple.
While, Tian et al. (2011) observed that the application of GA3
(100mg L−1) decreased the TAA and content of phenolic compounds in
grape as it was observed here.
4. Conclusion
AVG preharvest treatment at 45 DAA was eﬀective in declining ‘BRS
189’ cashew preharvest drop to 26% when compared to control that
presented 90% of fruit drop, thus representing a possibility to extend
harvesting period. Besides reducing fruit drop, AVG treatment at 45
DAA maintained cashew peduncle and nut physical and physicochem-
ical quality statistically similar to from control, except for 60% reduc-
tion in total antioxidant activity due to 50% reduction in total vitamin C
content.
Meanwhile, GA3 preharvest treatment did not signiﬁcantly inﬂu-
ence preharvest drop, however, GA3 treatment at 40 DAA promoted
peduncle quality through signiﬁcant increments in weight and size, SS/
TA ratio, ﬁrmness, carotenoid and polyphenol contents, despite the
reduction in total vitamin C and total antioxidant activity. Thus, results
here presented for regulators use at preharvest corroborate to enhance
production and quality of ‘BRS 189’ cashew peduncle, as proposed in
Fig. 1.
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